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ARTICLE INFO ABSTRACT 

Purpose: This study aimed to ascertain 

misconceptions of students about basic physical 
concepts in the "Force and Motion" unit of secondary 
school seventh class curriculum, to eliminate the 
misconceptions with created argument environment 
and traditional approaches after evaluated, and 
categorize these misconceptions in an ontological 
sense. Research Methods: Considered fundamental 
problems and sub-problems for which answers are 
sought. A semi-experimental model with pre-test and 
post-test control groups was utilized. Detected 
ontological categories were analyzed and discussed 
for each question located in the "Force and Motion" 
concept test. 

Findings: Before and after applications after physical concepts about the Force and Motion unit 
were examined and categorized ontologically. 301 examined misconceptions from students in 
the experimental group arose from placement in the higher category. 150 misconceptions that 
arose from the placement in the lateral category were identified before application. 252 
misconceptions of the 301 misconceptions (83.72%) that arose from placement in the higher 
category were corrected due to argumentation works that were executed. 128 misconceptions 
out of 150 (85.33%) misconceptions that were placed in the lateral category were corrected after 
an argumentation analysis. Implications for Research and Practice: Studies such as 
determination, evaluation, and correction of misconceptions should be performed by using 
ontological categories. This study shows that the implementation of argumentation works is 
more successful in the elimination of misconceptions placed in constraint-based interaction- 
natural, random-event, and matter categories. In this way, learning environments can be 
designed to be more efficient and infallible. 
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Introduction 

Misconceptions are generally defined as concepts structured inadequately or 
incorrectly by students, apart from concepts scientifically accepted as true, and that 
were acquired by students by the end of the educational process (Nakhleh, 1992). In 
the 2000s, misconceptions were treated in philosophical terms, as philosophically- 
based definitions were being introduced into the literature. Chi and Roscoe (2002) 
treated misconceptions on an ontological basis, arguing that all concepts and ideas 
belong to certain ontological categories. 

As a term, ontology is defined as the "science of being." One of the simplest 
definitions of a possible ontology may be "a controllable lexicon." Ontology is 
concerned with beings and the basic categories to which beings belong (Chi, 2001). 
An ontological property is one that a being potentially possesses due to the 
ontological category to which it belongs (Chi, 1997). Concepts are placed in 
ontological categories according to the ontological properties they possess. The three 
primarily utilized ontological categories are matter, process, and mental states. 
Students produce misconceptions when they, for example, place a concept that 
belongs to the process category into the matter category. Therefore, one should 
determine the categories in which to place concepts, and, in the case of 
misplacements, ensure that the concepts in question are re-located to the correct 
categories by using various educational methods and techniques. This is crucial in 
order to identify the roots of misconceptions and, thus, eliminate them. 

An individual may sometimes perceive concepts differently, apart from scientific 
situations, and may place them in different categories. Usually, when students do not 
understand a basic physical concept and place it in the categories that already exist in 
their mind, they struggle to understand higher level and more complex concepts and 
learn permanently. Therefore, students should establish bridges in a meaningful way 
between their intuitive thoughts regarding the events they witness in their lives and 
the physical topics and concepts (Ayvaci and Devecioglu, 2002). To meaningfully 
establish such bridges, students' misconceptions should first be determined, and 
then eliminated (Ayvaci and Devecioglu, 2002; Yagbasan and Gtilgigek, 2003; Turgut 
et al. 2011). 

The first stage in eliminating and correcting misconceptions, as well as in 
planning the relevant teaching process, is to determine conceptual misplacements, 
assist students to test their own conceptualizations and gain awareness of the 
possible misconceptions, and enable the learners to acquire the ability of higher level 
reasoning. The second step is to use, in the teaching process, methods and techniques 
that would enable students to place concepts in the right categories. In this regard, it 
is suggested that integrating argumentation, a reasoning activity, into the class 
environment may be an effective strategy to direct students to conceptual changes 
(Niaz, Aguilera, Maza and Liendo, 2002; Nussbaum and Sinatra, 2003). 

Toulmin's argumentation model is composed of an assertion, the proofs to 
support the assertion, the reasons that indicate the relationship between the proofs 
and the assertion, the supportive pre-information that strengthens the reasons, the 
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qualifiers (restrictions), and finally, the refutations that indicate the situations in 
which the assertion is invalid (Erduran, Simon and Osborne, 2004). Driver, Newton, 
and Osborne (2000) suggested that the argumentation-based teaching activities in 
science classes possess three significant effects: improving conceptual 
comprehension, research skills, and questioning the validity of scientific knowledge. 
It is observed that argumentation is quite effective in solving problems in science 
education. Thus, this study tried to realize conceptual changes with the help of 
argumentative contexts that included pre-determined misconceptions. 

Relevant studies are limited to the identification of misconceptions or the effects 
of various methods in eliminating misconceptions. It has been observed that the 
national and international literature include only a few studies that treat 
misconceptions in ontological terms (Soman, 2000; Ozalp, 2008; Ozalp and Kahveci, 
2011; §en and Yilmaz, 2012; Sanmarti, Izquierdo and Watson, 1995; Watson, Prieto 
and Dillon, 1997). These studies only treat misconceptions in ontological terms, but 
do not propose active methods to eliminate the misconceptions of the identified 
categories. This study is quite significant in that it ontologically evaluates the 
concepts regarding the subject of "Force and Motion" and determines the effects of 
employed argumentations in eliminating misconceptions caused by types of 
ontological categorizations. As the first study in this capacity, this paper will guide 
researchers in the subject of eliminating misconceptions that are ontologically 
determined. This study has treated, in ontological terms, students' misconceptions 
regarding basic physical concepts that are within the subject of "Force and Motion," 
such as force, frictional force, work, conservation of energy, mechanical energy, 
kinetical energy, potential energy, and energy stored in springs. After students' 
misconceptions in identified subjects were ontologically evaluated and categorized, 
contexts of argumentations were formed to eliminate the identified misconceptions. 
Argumentation activities were formulated and implemented based on students' 
existing misconceptions. This forms the basic stage of this study. Additionally, the 
extent to which the employed argumentation settings affect the levels of students' 
use of scientific process skills and increase their achievements at the levels of 
knowledge and comprehension was revealed. 


Method 


Research Design 

Considering the study's aim, main problem, and sub-questions, it can be said that 
I used a semi-experimental method with a pre-test and post-test control group 
design. Dependent variables of the implemented experimental pattern were 
academic achievement, scientific process skills, and learning concepts. The following 
pre-tests and post-tests were administered to all participant students in order to 
determine the effects of two different teaching methods: the Force and Motion 
Subject Academic Achievement Test (FMAAT) to determine the effect on students' 
academic achievements, the Force and Motion Subject Concept Test (FMCT) to 
determine the effect on students' learning concepts, and the Scientific Process Skills 
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Test (SPST) to determine the effect on students' scientific process skills. The research 
pattern is indicated in Table 1. 

Table 1 


Research Design 


Group 

Teaching Method 

Used 

Pre-tests 

Post-tests 

Control Group 

Traditional Method 

SFST, FMAAT, 

SFST, FMAAT, 



FMCT 

FMCT 



LO 

co 

II 

LO 

co 

II 

Experimental Group 

Argumentation 

SFST, FMAAT, 

SFST, FMAAT, 



FMCT 

FMCT 



(n=35) 

(n=35) 


Research Sample 

The working group of this study was composed of students who attended a 
foundation university in Istanbul, in the 2012-2013 academic year, in two distinct 
groups. The working group consisted of 70 teacher candidates (2nd grade, primary 
school teaching) as 60 female and 10 male students. Working groups were 
determined based on the results of the pre-tests, and they were placed in two equal 
size groups with 35 students. 

Research Instruments and Procedures 

Force and Motion Subject Academic Achievement Test. The Force and Motion Subject 
Academic Achievement Test was composed of 25 questions to reliably determine 
whether there were any differences in students' learning levels regarding the Force 
and Motion subject. In preparing the test, six questions that exhibited a least 
distinguishing index were determined. These questions were later excluded from the 
Force and Motion Subject Academic Achievement Test and the investigation 
continued with the remaining 19 questions. Distinguishing indexes of these 19 
questions differed from 0.30 to 0.50. Subsequently, in order to determine the 
reliability of the Force and Motion Subject Academic Achievement Test that 
consisted of 25 questions, the Cronbach's Alpha coefficient was calculated, which 
was found as 0.680. The KR-20 coefficient was also found as 0.833. 

Force and Motion Subject Concept Test. The Force and Motion Subject had 17 
questions in its finalized version, and seven of the test articles were adopted from the 
test developed by Ulu (2011) while the researcher formulized the remaining 10 
questions by literature survey. To formulize the questions, research was first 
executed on both domestic and foreign studies on the misconceptions about the 
concepts of force, frictional force, work, conservation of energy, mechanical energy, 
kinetical energy, potential energy, and energy stored in springs. The questions were 
formulized to reveal the cited misconceptions and the further misconceptions based 
on them. The ontological categories were held as the basis of the question design. The 
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Cronbach's Alpha value was found as 0.710 and the KR-20 coefficient as 0.704 for the 
Force and Motion Subject Concept Test. 

Scientific Process Skills Test. The Scientific Process Skills Test was applied to the 
experimental and control groups. The Turkish translation and adaptation of the test 
was executed by Geban, A§kar, and Ozkan (1992). The multiple-choice test, 
consisting of 36 questions, measures the following skills: defining variables, 
formulating hypotheses, operational defining, research design, and data analyses. In 
his research with 7th grades, Aydogdu (2006) examined the Scientific Process Skills 
Test developed by Geban, A§kar, and Ozkan (1992) and excluded some of the articles 
as they were not compatible with the 8th grade cognitive development level, 
reducing the number of the articles to 28. For a pilot study, the test with 28 questions 
was administered to 336 randomly selected students attending nine different 
primary schools. After the application, the distinguishing indices, difficulties of the 
articles, and the reliability coefficient of the test were calculated. After the 
calculation, the questions with a distinguishing index below 0.30 were excluded from 
the test. Thus, a test with 25 multiple-choice questions and with a reliability of 0.81 
was acquired to measure scientific process skills. 

Data Analysis 

Kolmogorov-Smirnov goodness-of-fit test was used to determine whether the 
points of the Force and Motion Subject Academic Achievement Test, the Force and 
Motion Subject Concept Test, and the Scientific Process Skills Test demonstrated 
normal distribution. 

To determine whether there were any differences in subject-related learning 
levels and concept learning levels in the experimental and control groups before and 
after the Force and Motion Subject, FMAAT was applied to both groups as a pre-test, 
and independent group t-test was used to analyze the data obtained. 

The answers given to FMCT were qualitatively analyzed. In this analysis, the 
misconceptions determined in each question of the test were ontologically 
categorized. Then, ontological category maps were formed, in which the right and 
wrong ontological categorizations were analyzed, after the pre-test and post-test, by 
providing frequencies and percentages. 

To determine whether there were any differences among the pre-study scientific 
process skills on the part of the experimental and control groups, SPST was applied 
to both groups as a pre-test and post-test, and the independent group t-test was used 
to analyze the total points obtained. To determine whether there were statistically 
significant differences between the points that the students of both groups obtained 
in the sub-dimensions of SFST before and after the study, the independent group T- 
test was applied to the points obtained from the dimensions of defining variables, 
operational defining, and formulating hypotheses. The Mann-Whitney U Test was 
applied to the points obtained from the dimensions of research design, and data 
analyses. 



Aysegul KINIK TOPALSAN- Hale BAYRAM/ Eurasian Journal of Educational Research 69 (2017)1-19 


6 


Results 

In this part, the findings are examined in two sections. First, the findings will 
address determining the misconceptions of Force and Motion and the efficiency of 
argumentations and traditional methods used to eliminate these misconceptions. 
Then, the findings about argumentations, traditional settings, and the teaching 
process are treated in terms of their efficiency to eliminate misconceptions that 
resulted from certain misplacements of concepts in ontological categories. 

Having compared the points that the students of the control and experimental 
groups obtained from the FMAAT pre-test and post-test with the independent t-test, 
the p value of the pre-test was found as 0.876 (p>0.05), and the p value of the post¬ 
test as 0.012 (p<0.05). 

Having compared the points that the students of the control and experimental 
groups obtained from the SPS pre-test and post-test with the independent t-test, the 
p value of the posttest was found as 0.000 whereas it was 0.890 for the pre-test. A 
significant difference was found in favor of the experimental group. 

No statistically significant differences were found between the points that the 
students of the experiment and control groups obtained from the sub-dimensions of 
the SFST (p>0.05). Therefore, there were no differences observed between the 
scientific process skills that the experimental and control groups had at the beginning 
of the study. A significant difference was found in the SPST sub-dimensions for the 
experiment group in the results of the post-test. 

No statistically significant differences were found between the points that the 
control and experimental groups obtained from the FMCT pre-test (p=0.51). 
However, a statistically significant difference was found between the points that the 
control and experiment groups obtained from the FMCT post-test (p=0.00). This 
result was interpreted as that the applied use of argumentation settings in the lab 
environment more greatly improved the students' level of learning concepts 
compared to the traditional understanding in which students carry out the 
instructions given to them during the lab practices. 

Ontological Examination of the Force and Motion Subject Concept Test Misconceptions. 
The percentages of the students' answers to each question of the FMCT distributed 
by ontological categories were determined and presented in tables. In addition, 
toward the aim of the study, the students' misconceptions were examined by 
dividing them into categories. This process was applied elaborately to the 17 
questions of the test. In this section, only the analysis of the first test question is 
included as an example. 
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Figure 1. Force and Motion subject concept test, question one. 

Question 1. A student compresses a spring in Figure 1 by 10 cm and releases it 
after a while. Then the student stretches the same spring by 10 cm, as in Figure 2, and 
releases it after a while. Which of the following judgments is correct? 

A) The amount of energy stored in the spring is the same in both cases. 

B) No energy is stored in the spring in both cases. 

C) More energy is stored in the case given in Figure 1. 

D) More energy is stored in the case given in Figure 2. 

Which of the following is the reason of your answer in this question? 

A) If a spring is compressed or stretched by the same amount, it will have the 
same amount of energy in both cases. 

B) Work is required to store potential energy in the spring. Thus, no energy is 
stored in the spring in either case. 

C) When a spring is compressed and stretched by the same length, it does not 
retain the same amount of energy. More energy is stored in the 
compressed spring. 

D) When a spring is compressed and stretched by the same length, it does not 
retain the same amount of energy. More energy is stored in the stretched 
spring. 

E) In my opinion,. 

This question aims to draw attention to the topic of springs and their resilience in 
the subject of Force and Motion. It facilitated the questioning of the amount of energy 
stored in springs when compressed or stretched. The students' levels of 
comprehension regarding the energy stored in springs were evaluated by the 
evaluation criteria. Their misconceptions regarding the concept were examined in 
ontological terms, and the sources of misconceptions were determined on an 
ontological basis. Based on the obtained data, the levels of comprehension on the 
part of the students of the experimental and control groups in the pre-test and post¬ 
test are presented in Table 2 and Table 3, respectively. 
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Table 2 


Students' Labels of Comprehension Regarding the First Question of the Force and Motion 
Subject Concept Pre-test 



Experimental group 

Control 

group 

Comprehension Level 

f 

% 

f 

% 

Thorough Comprehension 

10 

28.57 

12 

34.29 

Misconception 

20 

57.14 

22 

62.88 

Lack of Comprehension 

5 

14.29 

1 

2.86 

Table 3 

Students' Levels of Comprehension 
Subject Concept Pre-test 

regarding the First Question of the Force and Motion 


Experimental group 

Control 

group 

Comprehension Level 

F 

% 

f 

% 

Thorough Comprehension 

27 

77.14 

24 

68.57 

Misconception 

6 

17.14 

11 

31.43 

Lack of Comprehension 

2 

5.71 

0 

0 


Table 2 indicates that, in the pre-test held before the application, 28.57% of the 
experimental group and 34.29% of the control group thoroughly comprehended the 
given concept about the amount of energy stored in springs. It also shows that 
57.14% of the experimental group and 62.88% of the control group had a 
misconception about the given concept, and that 14.29% of the experimental group 
and 2.86% of the control group did not comprehend the concept investigated in the 
first question. When we examined the comprehension levels of the students in the 
same groups regarding the amount of energy stored in springs, we saw that the rate 
of students with thorough comprehension raised to 77.14% in the experimental 
group and to 68.57% in the control group, while the percentage of students with 
misconceptions dropped in a general sense. The table shows that the percentage of 
the students who could not comprehend the question in the experimental group 
dropped to 5.71%, while there were no such students in the control group. Another 
operation performed in the analysis of the first question of the FMCT was to 
determine the students' misconceptions. Table 4 indicates the misconceptions that 
the students exhibited in the first question of the FMCT pre-test, and Table 5 
indicates the misconceptions that the students exhibited in the first question of the 
FMCT post-test. 
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Table 4 

Misconceptions in the Answers that the Students Provided for the First Question of the Force 
and Motion Subject Concept Pre-test 


Misconception 

Experimental 

group 

Control 

group 

f 

% 

f 

% 

When a spring is compressed and stretched 
by the same length, it does not retain the 
same amount of energy. More energy is 
stored in the stretched spring. 

10 

28.57 

11 

31.43 

When a spring is compressed and stretched 
by the same length, it does not retain the 
same amount of energy. More energy is 
stored in the compressed spring. 

8 

22.88 

5 

14.29 

Work is required to store potential energy 
in the spring. Thus, no energy is stored in 
the spring in either case. 

2 

5.71 

6 

17.14 

Table 5 





Misconceptions in the Answers that the Students Provided fo, 
and Motion Subject Concept Post-test 

r the First Question of the Force 

Misconception 

Experimental 

group 

Control 

group 

f 

% 

f 

% 

When a spring is compressed and stretched 
by the same length, it does not retain the 
same amount of energy. More energy is 
stored in the stretched spring. 

2 

5.71 

3 

8.57 

When a spring is compressed and stretched 
by the same length, it does not retain the 
same amount of energy. More energy is 
stored in the compressed spring. 

3 

8.57 

6 

17.14 

Work is required to store potential energy in 
the spring. Thus, no energy is stored in the 
spring in either case. 

1 

2.86 

2 

5.71 
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The last operation performed in the analysis of the first question of the FMCT 
based on the examination of the data given in Table 4 and Table 5 was to examine, in 
ontological terms, the misconceptions determined in the pre-tests and post-tests. 
Figure 2 indicates the ontological examination of the misconceptions of the students 
of the experimental group in the FMCT pre-test and post-test, while Figure 3 displays 
those of the control group. 



Figure 2. Ontological examination of the misconceptions of the students in the 
experimental group for the first question of the force and motion subject concept test 

Figure 2 shows that the students who correctly answered the first question of the 
FMCT were those who placed the concept of the amount of energy stored in springs 
in the category of intentional event, a sub-category of the process category. The rate 
of these students was 28.57% in the pre-test, while it raised to 77.14% in the post-test. 
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In this study, we found two different sources, on an ontological basis, for the 
misconceptions about the energy stored in springs. One concerned the 
misconceptions that resulted from placing the concept about the amount of energy 
stored in springs in the categories of "case of compressing" and "case of stretching" 
that are among the side categories of the mentioned concept. The other concerned the 
misconceptions that resulted from placing the same concept in the operation 
category, one of the sub-categories of the process category. 

In the misconception that resulted from placing the process category in the 
operation category, one of the sub-categories of the former, the students stated that it 
was required to execute a numerical calculatation on the spring for any potential 
energy to be stored in the stretched or compressed spring. 



Figure 3. Ontological examination of the misconceptions of the students in the 
control group for the first question of the force and motion subject concept test 


Figure 3 shows that the students who correctly answered the first question of the 
FMCT were those who placed the concept of the energy stored in springs in the 
category of intentional event, a sub-category of the process category. The rate of 
these the students of the control group was 34.29% in the pre-test, while it raised to 
68.57% in the post-test. In this study, we found two different sources, on an 
ontological basis, for the misconceptions about the energy stored in springs. One 
concerned the misconceptions that resulted from placing the concept about the 
amount of energy stored in springs in the categories of "case of compressing" and 
"case of stretching," which are among the side categories of the mentioned concept. 
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The other concerned the misconceptions that resulted from placing the same concept 
in the operation category, a sub-category of the process category. In the 
misconception that resulted from placing the process category in the operation 
category, a sub-category of the former, the students stated that it was required to 
execute a numerical calculation on the spring for any potential energy to be stored in 
the stretched or compressed spring. 


Discussion and Conclusion 

After comparing the results of the scientific process skills test administered to the 
control group and the experimental group, a significant difference was found, in 
terms of the total points, in favor of the experimental group. After examining the 
results in terms of the sub-dimensions in the scientific process skills, a significant 
difference was found in all dimensions in favor of the experimental group. We may 
conclude, in the light of these findings, that the argumentations developed for the 
questioned concepts are more effective, compared to the activities performed in 
traditional ways, to enable students to improve the scientific process skills of 
defining variables, formulating hypotheses, operational defining, research design, 
data analyses. This conclusion supports the argument that, if students have 
experiences about scientific processes, these skills will be improved (NRC, 2000). 

After comparing the results of the FMAAT post-test administered to the control 
group and the experimental group, a statistically significant difference was found in 
favor of the experimental group. Based on this finding, we may conclude that the 
argumentations developed for questioned concepts are more effective, compared to 
the activities performed in traditional ways, to increase students' academic 
achievements. Argumentations, which may easily be incorporated in activities 
performed in a lab setting, assist students in all areas and create different points of 
view. In this study, argumentations were used as course material, and, as they 
enabled the students to take all responsibility for learning, they increased the 
students' will to learn, allowing them to better internalize the concepts in question. 
This study indicates the impact of the class for which the number and content of the 
argumentation were arranged in line with the course of teaching. Studies on 
argumentations show that students' achievements increase in time (Akku§ et al., 
2007). This situation is comparable with the data in the literature. 

After comparing the results of the FMCT post-test administered to the control 
group and the experimental group, a significant difference was found in favor of the 
experimental group. Based on this finding, we may conclude that the argumentations 
developed for basic physical concepts are more effective, compared to the activities 
and experiments performed in traditional ways, to increase students' levels of 
learning concepts. This conclusion complies with the findings of Kaya (2005); Clark 
and Sampson (2007); De Vries, Lund, and Baker (2002); Driver et al. (2000); Duschl 
and Osborne (2002); Niaz et al. (2002); Ulugmar Sagir (2008); Zohar and Nemet 
(2002); Demirci (2008); Dole and Sinatra (1998); and Nussbaum and Sinatra (2003). 
Conducted at different levels of primary, secondary, and higher education, these 
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studies show that course content developed with argumentations increase students' 
levels of learning concepts more than traditional methods. The most significant 
suggestion of these studies seems to be that, for conceptual change to be ensured, a 
convenient learning setting should be prepared in which new concepts can be 
compared with students' existing concepts, including the formation of deep 
reflections, relevant argumentations, and counter-argumentations. 

In this study, before the application, the students of the experimental group had 
301 misconceptions resulting from placement in an upper category and 150 
misconceptions resulting from placement in a side category. Out of the 301 
misconceptions resulting from placement in an upper category, 252 (83.72%) were 
eliminated. In addition, out of 150 misconceptions resulting from placing in a side 
category, 128 (85.33%) were eliminated. This situation reveals the impact of 
argumentation settings used in the teaching process. The misconceptions that 
appeared in the upper and side categories were largely eliminated. After examining 
the upper ontological and side categories, it was observed that the misconceptions 
placed in the side categories were more frequently eliminated. It was also found that 
the students acquired new misconceptions because of the argumentation settings and 
lectures. In this study, three new misconceptions were detected. Even though this 
kind of study might have been conducted carefully, it may not prevent students from 
creating new misconceptions. In his doctoral dissertation, C^elik (2010) argued that 
argumentations may result in similar cases of misconceptions. For conceptual change 
to be ensured, a convenient learning setting should be prepared in which new 
concepts can be compared with students' existing concepts, along with the formation 
of deep reflection, relevant argumentations and counter-argumentations (Dole and 
Sinatra, 1998; Nussbaum and Sinatra, 2003). The approach based on scientific 
argumentation may provide a teaching setting convenient for conceptual 
comprehension and conceptual change, but conceptual confusion may take place 
during the process, as well. 

This study indicates that most of the misconceptions that resulted from the 
misplacement of the concepts of the sub-categories of the process ontological 
category, namely those of procedure, intentional event, constraint-based natural 
interaction, constraint-based artificial interaction, and random event. The 
misconceptions with the highest rate of occurrence are those that resulted from 
placement in the categories of procedure and intentional event, which are among the 
sub-categories of the process category. Slotta and Chi (2006) mentioned how 
physicists might eliminate strong and stable misconceptions by ontological training 
and instruct about the categories in which basic physical topics might emerge more 
intensely. It is seen, in the cited study, that the detected misconceptions, especially 
regarding the topic of electricity, were concentrated under the process category, and 
that the concepts were placed in the sub-categories of the process category in several 
ways due to the concrete examples given by teachers. Similarly, this study has shown 
that, before the argumentations, the students generally placed the basic physical 
concepts in question in the sub-categories of the process category, according to their 
levels of readiness. 
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It can be said that many of the misconceptions in the control group result from 
the misplacement of the concepts of the ontological category of the process in its sub¬ 
categories, namely those of procedure, intentional event, constraint-based natural 
interaction, constraint-based artificial interaction, and random event. Of the students 
in the control group, we determined 318 misconceptions resulted from placement in 
an upper category, and 131 misconceptions resulted from placement in a side 
category, all before the application. Out of the 318 misconceptions that resulted from 
placement in an upper category, 122 (38.36%) were eliminated, and out of the 131 
misconceptions that resulted from placement in a side category, 59 (45.03%) were 
eliminated. This shows that traditional activities performed in lab settings are more 
effective in eliminating misconceptions that resulted from placement in a side 
category than from placement in an upper category. In addition, it is observed in the 
results that traditional activities might cause new misconceptions to be formulated 
by the students. At the end of the study, 31 new misconceptions were detected. 
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Kavram Yamlgilarmm Ontolojik Acidan Incelenmesi ve Bulunan 
Yamlgilann Olusturulan Argiiman Ortamlari ile Giderilmesi 


Atif: 

Topalsan-Rinik, A. & Bayram, H. (2017). Eliminating with created argument environment after 
evaluated and categorized misconceptions in an ontological sense. Eurasian Journal of 
Educational Research, 69,1-19, DOI: http://dx.doi.org/10.14689/ejer.2017.69.1 

Ozet 

Problem Durumu: Onemli fizik kavramlarmi igeren kuvvet ve hareket konusu ile 
hemen hemen her dtizeydeki ogrencide oldukga ytiksek oranda kavram yanilgisi 
oldugu yiirtitiilen ara§tirmalarla ortaya konulmu§tur. Fakat benzer olarak yapilan bu 
gali§malarda sadece kavram yanilgilari ortaya gikarilmi§ ve yanilgilarm nedenleri 
ara§tirilmadan farkli yontem ve tekniklerle giderilmeye gali§ilmi§tir. Ontolojik 
kategorilere gore, yanilgilarm nedenlerinin ortaya konuldugu degerlendirmenin 
yapildigi ara§tirmalar smirli sayidadir. Bu nedenle yapilan gali§manm problem 
ciimlesi, yanilgilarm nedenlerini tespit etmek ve etkili bir yontem onermek amaci ile 
"Kuvvet ve Hareket konusu ile ilgili geli§tirilen argiiman ortamlarmm ve geleneksel 
olarak yuriitiilen ogretim siirecinin, Kuvvet ve Hareket konusu ile ilgili tespit 
edilmi§, ontolojik kategorile§tirmeden kaynaklanan kavram yamlgilarmi gidermede 
etkisi nasildir?" olarak saptanmi§tir. 

Ara$tirmanin Amaci: Bu ara§tirmada, "Kuvvet ve Hareket" konusunda yer alan 
kuvvet, siirtiinme kuvveti, i§, enerjinin korunumu, mekanik enerji, kinetik enerji, 
potansiyel enerji, yaylarm depoladigi enerji gibi temel Fizik kavramlari ilgili 
ogrencilerde bulunan kavram yamlgilarmi ortaya gikarmak ve bulunan yanilgilari 
ontolojik agidan degerlendirilip, kategorile§tirildikten sonra olusturulan argiiman 
ortamlari ve geleneksel olarak uygulanan ogretim siireci ile gidermek amaglanmistir. 

Ara§tirmanin Yontemi: Ara§tirmanm deseni, temel problemi ve cevap aranan alt 
problemler dikkate almdigmda on test-son test kontrol gruplu yari deneysel 
modeldir. C/ali§mada uygulanan deneysel desende, bagimli degi§kenler akademik 
ba§an, bilimsel siireg becerileri ve kavram ogrenme olarak belirlenmi§tir. Bu bagimli 
degi§kenler iizerinde etkisi incelenen bagimsiz degi§ken ise uygulanan ogrenme- 
ogretme yakla§mudir. Ayrica Kuvvet ve Hareket Konusu Kavram testinde yer alan 
her bir soru igin tespit edilen ontolojik kategoriler derinlemesine analiz edilip 
tarti§ilmi§tir. 

Ara§ ti rmanin Bulgulan: Uygulamanm ardmdan deney grubu ile kontrol grubu 
arasmda, bilimsel siireg becerilerinden degi§kenleri tammlama, i§lemsel agiklamalar 
yapma, arastirma tasarlama ile grafigi ve verileri yorumlama boyutlarmda deney 
grubu lehine anlamli bir fark olu§mu§tur. 

Yine gergekle§tirilen uygulamanm ardmdan deney grubu ile kontrol grubu arasmda, 
akademik ba§ari ve kavram ogrenme diizeyleri agismdan deney grubu lehine anlamli 
bir fark olu§mu§tur. 
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Yapilan uygulamalarm oncesi ve sonrasmda Kuvvet ve Hareket Onitesi ile ilgili 
belirlenmi§ temel Fizik kavramlan ontolojik olarak incelenip kategorile§tirdikten 
sonra, deney grubundaki ogrencilerin, uygulamadan once list kategoriye 
yerle§tirmeden kaynaklanan 301 kavram yanilgisi, yanal kategoriye yerle§tirmeden 
kaynaklanan 150 kavram yanilgisi tespit edilmi§tir. Ost kategoriye yerle§tirmeden 
kaynaklanan bu 301 kavram yanilgismm 252'si yapilan argiiman gali§malan 
sayesinde giderilmi§tir. Ust kategoride giderilen kavram yanilgismm oranma 
bakildigmda %83,72 oldugu bulunmu§tur. Yanal kategoriye yerle§tirilen 150 kavram 
yanilgismm 128'unun da yapilan argiiman gali§malan sonrasi giderilmi§tir. Yanal 
kategoride giderilen kavram yanilgismm oranma bakildigmda %85,33 oldugu 
bulunmu§tur. Bu durum ogretim siireci boyunca kullamlan argiiman gali§malarmm 
olumlu etkisini ortaya gikarmi§tir. Ust ve yanal kategoride ortaya gikan kavram 
yamlgilari biiyiik bir oranda ortadan kaldirilmi§tir. Ust ontolojik ve yanal kategoriler 
kendi igerisinde incelendiginde, ozellikle yanal kategoriler igerisine yerle§tirilmi§ 
kavram yanilgilarmm, yapilan argiiman gali§malari sonrasi daha fazla giderildigi 
goriilmii§tiir. Kontrol grubundaki ogrencilerin, uygulamadan once tist kategoriye 
yerle§tirmeden kaynaklanan 318 kavram yanilgisi, yanal kategoriye yerle§tirmeden 
kaynaklanan 131 kavram yanilgisi tespit edilmi§tir. Ust kategoriye yerle§tirmeden 
kaynaklanan bu 318 kavram yanilgismm 122'si giderilmi§tir. Ust kategoride giderilen 
kavram yanilgismm oranma bakildigmda %38,36 oldugu bulunmu§tur. Yanal 
kategoriye yerle§tirilen 131 kavram yanilgismm 59'ii giderilmi§tir. Yanal kategoride 
giderilen kavram yanilgismm oranma bakildigmda %45,03 oldugu bulunmu§tur. Bu 
durum labaratuar ortammda yapilan geleneksel gali§malarm, yanal kategoriye 
yerle§tirilmi§ kavram yamlgilarmi gidermede, iist kategoriye yerle§tirilmi§ 
yamlgilara gore daha ba§anli oldugunu gostermektedir. Bunun yam sira geleneksel 
olarak uygulanan gali§malarm ogrencilerde yeni kavram yamlgilari da gikan 
sonuglardan goriilmektedir. Yapilan gali§malar sonrasmda 31 yeni kavram yanilgisi 
ortaya gikmi§trr. 

Ara$tirmamn Sonuglari ve Onerileri: Ara§tirmada kavram yanilgilarmm ontolojik 
kategorilere gore degerlendirilmesi bu yamlgilarm ontolojiye gore hangi 
nedenlerden dolayi olu§tugunun anla§ilmasmi saglami§tir aynca argiiman 
ortamlanmn ontolojik olarak tespit edilmi§ kavram yamlgilarmdan smirli etkile§im- 
dogal, rastgele olay ve madde kategorilerindeki yamlgilari gidermediki etkililigi 
sayisal verilerle ortaya konulmu§tur. Bu nedenle aktarilacak konularm bu ttir 
yamlgilari igermesi halinde, argiiman ortamlari yaratilip ogrenme ortanu daha etkin 
ve yamlgisiz hale getirilebilir. Yamlgilarm nedenlerinin bilinmesi bu ve buna benzer 
arajjtirmalar igin oldukga onemlidir. Kavram yanilgilarmm giderilmesi ancak 
nedenleri tizerine yogunla§ip bunlarm olu§malarmi engelleyen gali§malarm, ogretim 
yontemlerinin, vb. hazirlanmasiyla gergekle§tirilebilir. Bu nedenle ontolojik 
kategoriler yamlgilarm nedenlerinin agiga gikarilmasmi sagladigmdan gok onemlidir. 
Kavram yanilgilarmm belirlenmesi, degerlendirilmesi ve giderilmesi gibi 
ara§tirmalar ontolojik kategorilerden yararlamlarak gergekle§tirilmelidir. 

Bunun yam sira ogretmenler farkli konularda, farkli argiiman teknikleri ile 
geli§tirecekleri gali§malarla ders igeriklerinin kalitesini daha rahat arttirabilir. Bu 
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nedenle yurt di§mda birgok gali§ma ile etkililigi belirlenen bilimsel tarti§ma modeli 
ogretmen adaylarma ogretilmeli ve ogretmen adaylarmm tarti§ma becerileri 
geli§tirilmeye gali§ilmalidir. Ogretmenlerin bilimsel tarti§ma stirecini ogrenmeleri, 
etkili tarti§ma yonetebilmeleri igin bilimsel tarti§ma modeli ogretmenlere uygulamali 
olarak anlatilmali ve ogretmenlere bilimsel tarti§ma etkinlikleri yaptirilmalidir. Farkli 
ders igerik ve kazammlarmda geli§tirilen argtiman gali§malari bir kitap haline 
getirilebilirse, ogretmenler stireg igerisinde zorlanmadan argtiman gali§malarmi 
uygulayabilir ve kendilerine uygun gali§malari, yapilan bu kitapi kaynak alarak daha 
rahat olu§turabilir. Ayrica argtimanlarin bilimin dogasmm anla§ilmasmda, bilimin 
geli§mesinde, ogrenciler tarafmdan bilgilerin sorgulanmasmda, bilgilerin kalici 
olmasmda vb. olumlu etkileri dti§tinuldugunde ders kitaplarmda argiimanlara yer 
verilmesinin ogrencilere onernli katkilar saglayacagma inanilmaktadir. 

Anahtar Kelimeler: Ontolojik kategoriler, argtimantasyon, kuvvet ve hareket, kavram 
yanilgilari. 



